Lipid bodies, also known as lipid droplets, are present in most eukaryotic cells. In leukocytes, lipid bodies are functionally active organelles with central roles in inflammation and are considered structural markers of inflammatory cells in a range of diseases. The identification of lipid bodies has methodological limitations because lipid bodies dissipate upon drying or dissolve upon fixation and staining with alcohol-based reagents. Here we discuss several techniques to detect and visualize lipid bodies within leukocytes by light microscopy. These techniques include staining with osmium or use of different fluorescent probes such as Nile red, BODIPY, Oil red, P96 and immunofluorescence labeling for adipose differentiation-related protein (ADRP).
Introduction
Lipid bodies, also named lipid droplets or adiposomes, are now recognized as key organelles involved in lipid storage and metabolism, cell signaling and inflammation (1, 2) . Lipid bodies are lipid-rich organelles distributed in the cytoplasm as roughly spherical organelles lacking a delimiting classical bilayer membrane (3) (4) (5) (6) , but surrounded by an outer monolayer of phospholipids, which at least in some cells may have a unique fatty acid composition (4, 7) . The internal core of lipid bodies is rich in neutral lipids; and it is likely that more complex membranous domains, often obscured by overlying neutral lipids, are present within lipid bodies (8, 9) . Indeed, studies of lipid bodies are providing functional, ultrastructural and protein compositional evidences that lipid bodies are not inert depots of neutral lipid. Rather, it has become evident that lipid bodies are highly regulated, dynamic and functional organelles. Over the past years substantial progresses have been made to demonstrate that lipid body biogenesis is a highly regulated process, which culminates in the compartmentalization of a specific set of proteins and lipids (reviewed in (1, 2) ).
Lipid body accumulation within cells is observed in both clinical and experimental metabolic, infectious, neoplasic and other inflammatory conditions. Because lipid bodies can be destroyed by drying or fixation and staining with alcohol-based reagents, there are consequently some methodological limitations to their study (2, 10) . Indeed, routinely used hematological staining as May-Grunwald-Giemsa staining lead to dissolution of lipid bodies commonly precluding their identification. However, using appropriate fixation procedures followed by methods of identification of lipids and/or of lipid body-specific proteins, lipid bodies can be readily identified within cells. In this chapter, we detail different techniques to visualize lipid bodies in different cell suspensions such as leukocytes isolated from the blood, cell lineages and peritoneal, pleural or bronchoalveolar cells.
Methods

Sample Preparation onto Slides
After obtaining a cell suspension (~0.5-1.0 × 10 6 cells/mL of medium), preparation of samples (cell suspensions) onto slides for lipid body staining can be done in two ways: using a cyto-centrifuge or by spreading a mixture of cells with melted agarose matrix onto a slide. For comparison of cell morphology observed with these two techniques, refer to Note 5. For cytospin preparations: label slides and cytocentrifuge a volume of 100 μL (~0.5-1.0 × 10 5 cells) of a cell suspension sample, at 18-23 g for 5 min. For agarose preparations: prepare first an agarose matrix. Weigh 0.125 g of agarose (low-melting point agarose; mp 65.5°C, gelling point 24°C) into a 125-mL Erlenmeyer flask and dilute to 2.5% by adding 5 mL of distilled water. Cover with aluminum foil. Mix well, but avoid swirling to prevent agarose binding to flask wall. Solubilize agarose in 70°C water bath for 15 min with gentle agitation. Aliquot in small test tubes (~1.5 mL) and store at 4°C. For slide preparation, resolubilize a tube at 70°C, mix cells with the liquid matrix and gently spread the cell-agarose mixture (~20 μL) onto microscope slides using a microtip. Use covered surface slides for cell adhesion. For spreading the cells, use surface tension to move agarose mixture throughout the slide. Cover gently this thin layer of agarose/cell mixture with a perfusion chamber (CoverWell™).
Osmium Staining
Properties: Osmium tetroxide binds to unsaturated lipids, and is reduced by organic materials to elemental osmium, an easily visible and permanent black substance ( Fig. 9.1a ). Reduction of osmium by thiocarbohydrazide highly enhances lipid labeling.
1.
Prepare slides with samples using a cytocentrifuge (see Section 3.1).
2.
Fix samples, while still moist, with paraformaldehyde or formalin for 10 min. Refer to Note 2 for cell fixation and Note 6 for "moist cells".
3.
Rinse slides in distilled water.
4.
Circumscribe the adhered cells with liquid blocker pen to facilitate the staining procedure.
5.
Stain the adhered cells by adding one drop of 0.1 M cacodylate buffer and one drop of 1.5% osmium tetroxide for 30 min. Refer to Note 1 for osmium manipulation.
6.
7.
Immerse in thiocarbohydrazide solution for 5 min at room temperature.
8.
Rinse the adhered cells twice with distilled water.
9.
Re-stain by adding one drop of 0.1 M cacodylate buffer and one drop of 1.5% osmium tetroxide for 3 min.
10.
11.
Let the slides dry.
12.
Mount with aqueous mounting medium. 5 In general, cells kept in agarose show better morphology compared with cells from cytospin preparations because cells are kept in a hydrated system. In addition, shape changes, a feature of activated leukocytes, can be observed when cells are embedded in an agarose matrix. On the other hand, cytospin slides are fast prepared. In both cytospin and agarose preparations, lipid bodies are well preserved and can be easily detected. 6 It is very important to keep cells moist during the staining with osmium. Dried cells will appear with very bad morphology.
Alternatively, osmium staining can be performed on agarose preparations.
1.
Spread a mixture of cells/agarose onto a microscope slide and cover with a perfusion chamber (see Section 3.1).
2.
Carefully pipet 400 μL of the fixative (2% paraformaldehyde) over sample through the chamber access port, ensuring that chamber area is uniformly saturated and let for 10 min.
3.
Rinse slides in distilled water through the chamber access port.
4.
Rinse slides in 0.1 M cacodylate buffer through the chamber access port.
5.
Stain by adding 1.5% osmium tetroxide through the chamber access port for 30 min. Refer to Note 1 for osmium manipulation.
6.
7.
Carefully remove the chamber.
8. Immerse in thiocarbohydrazide for 5 min at room temperature.
9.
Rinse slides in 0.1 M cacodylate buffer.
10.
Re-stain with 1.5% osmium tetroxide for 3 min.
11.
12.
Mount with aqueous mounting medium.
Nile Red Staining
Properties: Nile red is intensely fluorescent, and can serve as a sensitive stain for the detection of cytoplasmic lipid bodies (11, 12 ).
1. Incubate a cell suspension (1.0 × 10 6 cells/mL) with a working solution of Nile red (see Section 2.2, Item 1) for 5 min at room temperature and protected from light. Cells are incubated in a test tube.
2.
Centrifuge (120 g/5 min) and resuspend in HBSS -/or PBS to wash cells. Repeat this step once.
3.
Cytospin onto slides using 100 μL of cell suspension at 18-23 g for 5 min.
4.
Fix with paraformaldehyde or formalin (see Note 2 and Section 2.1, Item 3, for fixative preparation) for 5 min at room temperature.
5.
Wash twice in HBSS -/or PBS.
6.
Mount while wet using anti-fading mounting medium. Keep slides in the dark (see Notes 3 and 7 ).
Alternatively, Nile Red staining can be done on agarose preparations.
1.
2.
Carefully pipet 400 μL of the fixative (2% paraformaldehyde) over sample through the chamber access port, ensuring that chamber area is uniformly saturated and let for 5 min. This step can be performed after incubation with Nile Red. Refer to Note 8 for Nile red staining in fixed/unfixed cells.
3.
Wash twice with HBSS -/-(2 × 400 μL) adding buffer through the chamber access port.
4.
Incubate with a working solution of Nile Red (400 μL) for 5-10 min at room temperature. Keep slides protected from light (see Note 3).
5.
Wash twice with HBSS -/-.
6.
7.
Mount while moist with HBSS -/or with anti-fading mounting medium after drying. Keep slides in the dark (see Note 3).
Oil Red O Staining
Properties: Oil red O belongs to the polyazo group of dyes which also includes the Sudan series of dyes. The principle of the lipid staining is based on the physical properties of the dye that preferentially divide into lipid-rich compartments. Oil red O staining can be readily visualized in both bright field and fluorescent microscopy ( Fig. 9.1d, f) (13) .
1.
For slide preparation, cytocentrifuge 100 μL of a sample cell suspension, at 18-23 g for 5 min.
Fix cells with 3.7% formalin in HBSS -/-(see Section 2.1, Item 3).
3. Wash twice in distilled water.
4.
Place slides in absolute propylene glycol for 5 min.
5.
Stain in 0.5% oil red O solution (see Section 2.4) for 10 min in the incubator at 60°C.
6.
Rinse cells in 85% propylene glycol solution for 5 min.
7.
Wash twice in distilled water.
8.
Counterstain with hematoxylin solution for 30 s (see Note 9).
9.
Wash thoroughly in tap water.
10.
BODIPY Staining
Properties: BODIPY® lipid probe is an effective dye for staining neutral lipids and, for this reason it is very efficient for lipid body staining ( Fig. 9.1c) . The fluorescence quantum yield of the BODIPY dyes is not diminished in water and this method can be used in conjugation with immunofluorescence (see Note 10 and Chapter 11).
1.
Incubate the cell suspension with 1 μM BODIPY for 1 h at 37°C. Cells are incubated in a test tube inside a water bath. 8 Staining with Nile red can be carried out on either fixed or unfixed cells with no apparent difference in distribution or intensity of fluorescence. 9 Counterstaining with hematoxylin is important to show nuclear aspects. This step is not mandatory if visualization of nuclei is not necessary. 10 BODIPY staining can be combined with an immunofluorescence protocol (for example, ADRP immuno-labeling). In this case, BODIPY can be mixed with the secondary antibody (Chapter 10).
ADRP Staining
Properties: Adipose differentiation-related protein (ADRP) is a structural protein of lipid bodies considered essential for lipid storage and metabolism (reviewed in (16) ). ADRP is ubiquitously associated with cytoplasmic lipid bodies in different types of cells and is described as a specific protein marker for lipid bodies (Fig. 9.1f ) (17) (18) (19) . This method can be conjugated with immuno-labeling for other proteins (see Note 11).
1. For slide preparation, cytocentrifuge 100 μL of a sample cell suspension, at 18-23 g for 5 min.
2. Fix slides with 3.7% formalin in HBSS -/or PBS (see Section 2.1, Item 3, for fixative preparation).
3.
Wash once in HBSS -/or PBS.
4.
Permeabilize the cells with 0.1% Triton X-100 in HBSS -/for 10 min.
5.
Circumscribe the adhered cells with liquid blocker pen.
a.
For human cells incubate with mouse anti-human ADRP at dilution of 1:20 (2.5 μg/mL, final concentration) for 1 h at room temperature.
b. For mouse, rat, human or bovine cells incubate with guinea pig antihuman ADRP polyclonal antibody at dilution of 1:300 (final dilution) for 1 h at room temperature.
7.
Wash three times in HBSS -/or PBS.
8.
Incubate with fluorescent-labeled secondary antibody for 1 h room temperature.
9.
10.
Mount in mounting medium for fluorescence microscopy (see Note 7).
Lipid Body Analysis and Quantification
Lipid body analysis is performed on a bright field (osmium and oil red O staining) or fluorescence microscope (oil red O and fluorescent probes) at 1000×. For example, analyses and image acquisition can be obtained using an Olympus BX-FLA fluorescence microscope equipped with a Plan Apo 100 × 1.4 Ph3 objective (Olympus) and CoolSNAP-Pro CF digital camera in conjunction with Image Pro Plus® software (Media Cybernetics). The detection of lipid bodies using different techniques will appear as round dark (osmium staining, Fig. 9 .1a) or fluorescent red (Nile red or Oil red O) ( Fig. 9.1b and e, respectively) or green (BODIPY) ( Fig. 9.1c ) organelles. Of note, Nile red can be observed through both green (fluorescein) and red (rhodamine) channels and Oil red O can be also observed at bright field microscopy ( Fig. 9.1d) . ADRP immuno-labeling has a characteristic ring-shape appearance as this protein localizes preferentially at the periphery of the lipid body ( Fig.  9.1f ). Lipid bodies are usually enumerated using a 100× objective lens in 50 consecutively scanned cells (10) .
Alternatively, lipid bodies can be quantified by the measurement of oil red O (ORO) or BODIPY fluorescent area. The measurement of the area of lipid bodies is obtained with a 60 objective (at least four fields per slide). Images are transformed into black and white pictures and analyzed with the Image 2D software (GE Healthcare). Spots are determined by 11 Immuno-labeling for ADRP can be conjugated with immuno-labeling for other proteins by simultaneous incubation with two primary antibodies (raised in distinct hosts) followed by incubation with two secondary antibodies (with distinct ranges of excitation/ emission).
automatic spot detection and the total area of fluorescent lipid bodies is obtained for each field and divided by the number of cells in the respective field.
